The problem of the current research lies in the need to integrate some requirements of the sustainable development (SD) in secondary school chemistry curriculum. The research specifically seeks to answer the following question: What ìrequirements of sustainable developmentî should be taught in the secondary school chemistry curriculum in Egypt? To that end, the researcher analyzed the content of chemistry curricula in the three grades of secondary education in Egypt for the school year 2017ñ2018, and prepared a list of 57 SD requirements. It should be noted that fifteen requirements of sustainable development at the second-grade secondary stage were distributed into five units; the third unit included one requirement; the fourth unit comprised four requirements; and the fifth unit ñ one requirement. Regarding curriculum at the third-grade secondary stage, 17 requirements of sustainable development were integrated and distributed along five units.
Introduction
The present age witnesses a scientific revolution in all facets of life, particularly at the cognitive, scientific and technological levels. This revolution has led to drastic changes in life styles and patterns, resulting, in turn, in many problems that call for further study in terms of problem solving. These problems pertain to the individual environment, health, nutrition, and the society, at large. That being said, the future will witness major scientific and technological breakthroughs in fields such as scientific research, atom applications and nanotechnology.
These current changes have equally been manifested in chemistry curricula. School curricula have witnessed significant reform initiatives at both the Arab and international levels, i.e., specialized conferences and symposia in science education have been conducted; development projects have been designed for identifying the current reality of chemistry instruction and suggesting alternative solutions and prospects for future development. New advances in science have resulted in new trends in chemistry instruction that cope with these advances. Calls and recommendations for re-structuring chemistry curricula to meet the requirements for sustainable development (SD) have been echoed by the National Science Teacher Association (NSTA) and the American Association for the Advancement of Science (AAAS).
Chemistry plays a pivotal role in advancing humanity. Therefore, secondary school chemistry curricula should integrate SD requirements and pertinent concepts, skills, values and attitudes that could possibly qualify students for playing an active role in achieving sustainable development. It could be made possible through investment of natural and human resources. There is a need for special developmental chemistry curricula that will focus on the problems and issues of development. These curricula should also include activities through which students could possibly attain scientific facts and develop positive attitudes, values and behaviors towards their community (Matlin, Mehta, Hopf, & Krief, 2015, p. 941) .
Several studies (e.g., Juntunen & Aksela, 2013; Kapenieks, 2016; Maude, 2014 ) have confirmed the importance of development as a key element for stability as well as human and social reform. Development is a continuous, comprehensive process that takes different avenues towards human luxury and well-being in line with their economic, social and intellectual needs and potential.
In the process of development, the Egyptian society faces many challenges. These include safety, stability, supplying basic life needs, power, water, transport, fuel, unifying the goals of society, achieving democracy, freedom of disseminating information, transparency, boosting production, advancing agriculture, upholding the national Egyptian identity, solving poverty, slums and illiteracy problems, supplying bread, freedom and justice among other crises sectoral and partisan facing the Egyptian society.
It has been such a challenge for curriculum designers to reconstruct school curricula to keep pace with the needs of the community. It should be noted that optimal science curricula are those whose objectives, content and methods are focused on productive learning and teaching, i.e., they are focused on teaching students functional scientific knowledge, behavior, skills and attitudes, as well as developing scientific tendencies and humanitarian values and attitudes towards the use of science and its societal applications (Deng, 2011, p. 539) .
Sustainable Development as a Concept
Sustainable development is one of the important issues that attracts attention of developing countries, including Egypt. It is considered a national issue for which all efforts of the community members must be mobilized. The aim is to benefit from science and to improve the quality of life. To achieve sustainable development, more attention should be paid to all dimensions of development, including economic, social, scientific, and cultural (SalÓte, 2015; SalÓte et al., 2016; SalÓte et al., 2018) . Moreover, curricula should focus on consolidation of behavioral values so that they become common practice for learners who, in turn, become more capable of coping with new developments and challenges.
Sustainable development is a multi-dimensional process of transformation. It involves all individuals, communities, fields, governmental, non-governmental and private institutions, laws and regulations in their interactions towards coherent and integrative growth (Mechik & Hauff, 2016, p. 110 They are manifested in promoting the efficiency of natural resources and effective governance of these resources (e.g., water, air, energy, mineral wealth, coastal environment) and adopting sustainable production and consumption patterns Biasutti, De Baz, & Alshawa, 2016) .
To achieve the SD requirements, there is a need to: -Study all aspects of reality that call for development.
-Study optimal outcomes and distinguish among important, less important, high-priority, and temporarily impossible outcomes. -Study possible means to achieve those outcomes and ways to overcome the difficulties. -Manage cooperation and interaction among those interested in development.
-Prepare plans for integrative development; plans for each sector of society (Handayani, 2019, p. 45) .
A few research studies have focused on integrating sustainable development requirements into curriculum. For example, Juntunen and Akselaís study (2014) aimed at using a new approach to education for sustainable development. This approach includes the following four parts: (1) Multidimensional education on sustainable development;
(2) Interdisciplinary education on sustainable development; (3) Emphasizing the principles of green chemistry and (4) Responsible purchasing and sustainable consumption.
The results of Bazzanella, Friege and Lahlís study (2017) are consistent with those of Juntunen and Akselaís (2014) in that the environmental and societal benefits of sustainable chemistry include: (1) Avoiding the use of persistent, bioaccumulative and otherwise hazardous materials; (2) Using renewable resources and decreasing consumption of non-renewable resources; (3) Providing technologies that are economically competitive for and advantageous to industry.
Sustainable curriculum would be transformative as its goal is to ìequip all people with the knowledge, skills and understanding necessary to make decisions based upon their full environmental, social, cultural and economic implicationsî (DEWHA, 2009) rather than transmissive with a goal to provide students with knowledge. It would not be specialized, content-driven units of study on sustainability but integrated across courses and units (see Figure 1 ).
Figure 1. Sustainable curriculum framework
The following methods are used in some developed countries, such as the USA and England, to integrate the requirements of sustainable development in the secondary stage chemistry curriculum (The United Nations Educational Scientific and Cultural Organization, 2012): -Problem analysis method Analysis of the problem directs learnersí attention to processes that can be used to analyze any issue as a series of general procedures that can be applied on a large scale, addressing environmental, social and economic problems.
-Storytelling
Storytelling is considered an effective educational tool to support community development, such as values derived from traditional stories and the wisdom of the elderly or inspired by stories of creatures, the matter that gives respect to the cultural heritage and environment.
-Simulation
It is done by addressing the real-life problems faced by local communities, and strengthening the link between them and the curriculum. Problems are integrated into the curriculum and learners are engaged audio-visually, emotionally and physically in educational models designed to develop their problem-solving and high order thinking skills (fiogla, 2018).
In light of rapid developments in the field of chemistry, there is an urgent need to develop chemistry curricula in ways that help develop learnersí abilities to solve societal problems, make appropriate decisions, and think in a scientific way.
There is a worldwide interest in developing chemistry curricula towards optimal outcomes for individuals and society. However, chemistry still lags far beyond societal issues. Therefore, much criticism has been addressed to chemistry curricula in the United States and Britain for their incapacity to attract as many students as possible who could be potential scientists in the field. These points of criticism can be summed up as follows:
-The content of science textbooks hardly keeps pace with modern developments in chemistry. -The current curricula hardly focus on providing learners with technical and technological competences derived from advanced scientific books and references and supported by the results of scientific research in all branches of science, which could possibly lead to comprehensive development of society. -Learners are hardly made aware of chemistry as a continuous human activity that boosts their thinking and expands their vision of possible ways to make use of chemical products resulting from manipulation of different natural resources. -Learners are hardly made aware of the importance of chemistry in the course of their life and how to deal with chemical products at home, such as canned food, cleaning supplies, pesticides and others.
Figure 2. Outcomes and policies of the societal development plan
In response to these critical views, chemistry curriculum development initiatives grew active worldwide. Among these initiatives was the Australian Council for Educational Research report in 2010 (Australian Academy of Science, 2016). The report echoed on the need to review secondary stage chemistry curricula in light of the outcomes and policies of the Societal Development Plan (see Figure 2 ). Figure 2 shows the importance of integrating life activities in the secondary stage chemistry curriculum to help students apply and use information and to instill in them behaviors of community participation, volunteering, rationalized production and consumption, optimization of resources, resource conservation and adherence to community culture and authentic, genuine values of society.
Sustainable chemistry provides basis for evaluating and designing new chemical products and processes that minimize adverse impacts on human and environmental health. This approach, called systems thinking, is a problem-solving strategy that identifies and understands the key components of a system, in contrast to an isolated part, then investigates solutions based on the system interactions. Teaching a systems approach challenges students to apply scientific principles to solve real-world problems, demonstrates the role of chemistry as an essential science in finding solutions, and prepares future scientists for the collaborative interdisciplinary work required. Integrating sustainable chemistry into todayís chemistry curriculum, as we look to the future, can be accomplished by scaffolding in these Conceptual Topics (Lyere, 2008) :
-Advances in chemistry research are integral to meeting societyís essential needs of food, energy, and water in a sustainable path forward. -Chemicals and chemical products provide many benefits to society; however, unintended consequences can negatively impact humankind and the earth. Green chemistry products and technologies have shown great potential for mitigating these impacts, some of which may disproportionately affect people of low socioeconomic status.
The importance of restructuring the chemistry curriculum in a way that could support sustainable development is attributed to the following reasons:
1. It is a national need to develop a sense of belonging and identity among students at different stages of education; 2. Making community decisions must include public participation, i.e., individuals who will be affected by decisions to be taken must participate in the procedures that will lead to making these decisions; 3. Man/human is the cornerstone of environment protection and development, which are connected rather than separate (Jensz, Carroll, & Gibson, 2005, pp. 89ñ94) .
Principles of Sustainable Chemistry
The principles of sustainable chemistry address the reduction or removal of dangerous or harmful substances from the synthesis, production and application of chemical products and, thus, the use of substances dangerous to human health and the environment is reduced or eliminated. Eze (2015) provides a list of sustainable chemistry as follows: 1. Prevention. It is better to prevent waste than to treat or clean up waste after it is formed.
2. Atom Economy. Synthetic methods should be designed to maximize the incorporation of all materials used in the process into the final product. 3. Designing Safer Chemicals. Chemical products should be designed to preserve efficacy of the function while reducing toxicity. 4. Less Hazardous Chemical Synthesis. Whenever practicable, synthetic methodologies should be designed to use and generate substances that possess little or no toxicity to human health and the environment. 5. Safer Solvents and Auxiliaries. The use of auxiliary substances (solvent, separation agents, etc.) should be made unnecessary whenever possible and, when used, innocuous. 6. Design for Energy Efficiency. Energy requirements should be renewable rather than depleting whenever technically and economically practical. 7. Catalysis. Catalysis reagents (as selective as possible) are superior to stoichiometric reagents. 8. Reduce Derivatives. Unnecessary derivatization (blocking group, protection/ deprotection, temporary modification of physical / chemical processes) should be avoided whenever possible. 9. Use of Renewable Feedstocks. A raw material or feedstock should be renewable rather than depleting whenever technically and economically practical. 10. Real-time Analysis for Pollution Prevention. Analytical methodologies need to be further developed to allow for real-time in-process monitoring and control prior to the formation of hazardous substances. 11. Design for Degradation. Chemical products should be designed so that at the end of their function they do not persist in the environment and instead break down into innocuous degradation products. 12. Inherently Safer Chemistry for Accident Prevention. Substance and the form of a substance used in a chemical process should be chosen so as to minimize the potential for chemical accidents, including releases, explosions, and fires.
Reviews of research dealing with sustainable chemistry across various stages of education (e.g., Belford & Bastin, 2013; Parrish, 2014; Mahaffy, Brush, Haack, & Ho, 2018) have revealed that sustainable chemistry is efficient chemistry. The development of benign, non-wasteful alternatives to traditional chemistry has the potential to save large amounts of money due to decreased regulation compliance as well as disposal costs. Furthermore, the basic decrease in process hazards drastically increases both worker and consumer safety. Green chemistry is necessary, responsible, interesting, efficient, and above all, it is a good chemistry.
Research Problem
Based on a review of relevant literature, there are studies that addressed the development of chemistry curricula in line with sustainable development requirements. Examples of these studies include Hill, Kumar and Vermaís research (2013) that explored how chemistry and the chemical enterprise were progressing towards sustainable chemistry philosophy and practice. Jegstad and Sinnesís study (2015) offered a model of how Education for Sustainable Development (ESD) can be implemented in chemistry education. The model was developed to support chemistry teachers in their educational planning and included five categories: chemical content knowledge, chemistry in context, the distinctiveness and methodological character of chemistry. Moreover, Turkmen, Teksoz and Bozís study (2018) aimed at examining the role of secondary stage chemistry teachers in achieving community development.
A report issued by Nuffield Foundation in 2014 entitled ìScience Education in Europe: Critical Reflectionsî confirmed that little attention was given in the secondary stage chemistry curriculum to the relationship between chemistry and everyday life. Conversely, scientific topics are presented as a series of steps advancing towards the scientific scene, the matter that lacks adequate examples illustrating chemistry applications in the contemporary world of secondary stage students (Osborne & Dillon, 2014, p. 21) . Moreover, recommendations of several conferences such as the International Conference on Chemistry Education (2013) stressed the need to highlight the role of the curriculum in general and chemistry curriculum in particular in making change and achieving development. Through curriculum, it is possible to achieve economic diversity, address economic and social issues, transform information into an investment, improve the quality of life and achieve the security, stability and development necessary to cope with the 21 st century challenges.
Curriculum is the cornerstone of positive and active participation in social, economic, political and cultural development. Thus, there is a need for chemistry curriculum to promote studentsí national identity and belonging. It should educate, train and enable students to engage actively in the development of their society.
Thus, the problem of the research lies in the need to develop high school chemistry curriculum in light of the sustainable development requirements. The present research attempts to address this problem by answering the main question: What are the requirements of sustainable development to be included in the chemistry curriculum of secondary schools in Egypt?
Method
The descriptive method was used in the research to describe and analyze pertinent literature. It was also used in drawing up the list of sustainable development requirements (SDR) to be integrated in the secondary school chemistry curriculum in Egypt.
Tools and Materials
To answer the research question, the following tools and materials were developed and used:
-A list of sustainable development requirements that should be integrated into the secondary stage chemistry curriculum. -A questionnaire for investigating studentsí opinions about sustainable development requirements that should be integrated into the secondary stage chemistry curriculum.
Procedures and Results
To answer the research question, the following steps were taken: a) Drawing up a list of sustainable development requirements that should be integrated into the secondary stage chemistry curriculum according to the following steps: -Sustainable development requirements that could be integrated into the secondary stage chemistry curriculum were determined in light of writings of specialized experts in sustainable development requirements (e.g., Juntunen & Aksela, 2013; Maude, 2014) . -An initial version of the list of sustainable development requirements was drawn up, including the following: ñ Fifty-seven requirements of sustainable development at the first-grade secondary stage were distributed into six units (the first unit included 32 requirements; the second unit comprised one requirement; the third unit included six requirements; the fourth unit consisted of four requirements; the fifth unit comprised four requirements; and the sixth unit ñ ten requirements. ñ Fifteen requirements of sustainable development at the second-grade secondary stage were distributed into five units (the first unit included three requirements; the second unit comprised six requirements; the third unit consisted of one requirement; the fourth unit included four requirements; and the fifth unit ñ one requirement. ñ Seventeen requirements of sustainable development at the third-grade secondary stage were distributed into five units (the first unit included one requirement; the second unit comprised one requirement; the third unit consisted of four requirements; the fourth unit included four requirements; and the fifth unit ñ seven requirements. -Opinions of specialized jurors were investigated and they confirmed that those concepts were important and suitable to the characteristics of secondary stage students, and suggested some modifications. Thus, the total number of requirements in the final version of the list was 87. b) Determining the relevance of the proposed list of sustainable development requirements to be integrated into the secondary stage chemistry curriculum according to the following steps: -The items of the list of sustainable development requirements were identified in light of opinions of a group of specialized jurors. Before each requirement three options were assigned on a Likert scale to judge how far each requirement was appropriate for the grade level (extremely suitable ñ fairly suitable ñ not suitable). The jurors were asked to express their point of view, marking (√) before each requirement and in the Likert-scale column representing suitability of requirements for grade level. -The relative weight of each item was calculated in order to be classified in three categories by limiting the frequencies of responses to each of the alternatives. The ëextremely suitableí option was given three points; the ëfairly suitableí option was given two points; and the ënot suitableí option was given one point. The relative weight of each requirement was calculated by multi-plying the number of frequencies in each option slot to the numerical value assigned to it and then adding the end result of each option slot. -The range of each of the three ranks was calculated as follows:
ñ The relative weight of sustainable development requirements that ranked first ranged between 141 and 150 with a percentage of 97%. ñ The relative weight of sustainable development requirements that ranked second ranged between 135 and 128 with a percentage of 87.7%. ñ The relative weight of sustainable development requirements that ranked third ranged between 120 and 82 with a percentage of 67.4%.
c) Content analysis of the secondary stage chemistry curriculum in light of sustainable development requirements:
The content of the secondary stage chemistry curriculum was analyzed in light of sustainable development requirements of the Egyptian society through the following steps: (Objective of content analysis ñ content analysis unit ñ content analysis steps ñ checking reliability of content-analysis tool ñ determining content-analysis space).
Objective of content analysis
The content-analysis tool that the researcher developed aimed at judging the extent, the form and the level of covering of sustainable development requirements across the three grades of the secondary-stage chemistry curriculum in Egypt.
Content-analysis unit
The ëparagraphí unit was used for the purposes of this content analysis because it was the natural unit of meaning construction. ëParagraphí means one or more meaningful sentences. 3. Checking reliability of content-analysis tool (sustainable development requirements) through the following steps: -Limiting the number of paragraphs in the content of the chemistry curriculum across the three grades of the secondary stage for the school year 2017ñ2018. -Using the content-analysis tool (the list of sustainable development requirements) and the paragraph unit to analyze the content of the chemistry curriculum across the three grades of the secondary stage for the school year 2017ñ2018. -Re-conducting the content analysis 30 days later and applying Holstiís formula. 4. Determining the space of analysis 5. The researcher calculated the space of analysis by limiting the content of the chemistry curriculum across the three grades of the secondary stage for school year 2017/ 2018, after excluding pages that included introduction, index, figures and diagrams, maps, illustrations, summaries, questions and exercises, notes, and blank pages.
The researcher divided the pages of the curriculum content into paragraphs, each paragraph including one idea. The analysis revealed the following: The total number of paragraphs in the content of the chemistry curriculum in the first grade of the secondary stage was 616 paragraphs; the total number of paragraphs in the second grade was 494 paragraphs; and that of the third grade was 467. The frequency of recurrent paragraphs that covered concepts pertaining to the requirements of sustainable development across the three grades of the secondary stage was calculated (see Table 1 ). Table 1 shows few recurrences of sustainable development requirements in the content of the chemistry curriculum across the three grades of the secondary stage.
d) The proposed conception of the secondary stage chemistry curriculum was developed in the form of requirements (see Table 2 ). It is clear from the previous examples that the sustainable development requirements are the basic requirements that train people to adopt personal lifestyles ensuring a balance between economic growth, respect for the environment and social justice. Sustainability requirements (SR), which are of a more individual nature, are identified with sustainable development requirements. They must enable human beings to face challenges such as climate change, inequality, water shortage, hunger or responsible consumption, among others, from a global perspective that favors sustainable development.
Discussion of Results
It is clear from the data analysis results that sustainable chemistry can be used to illustrate many fundamental chemistry principles throughout the curriculum. Numerous opportunities exist to include experiments and demonstrations in addition to infusing green chemistry in lessons. A sampling of illustrative examples within each sub-discipline is described below.
General chemistry. Illustrative examples include:
-Designing substances that will not involve materials harmful to the environment and their uses in products such as electronics. -Providing students with the tools to solve problems. It means that students should be able to apply the scientific method: to define a problem clearly, to develop testable hypotheses, to design and execute experiments, to analyze data using appropriate statistical methods, and to draw appropriate conclusions. 
Recommendations
In light of the research findings, the researcher recommends the following: -Ensuring that science textbooks at various stages of education emphasize the importance of science and address issues relevant to everyday life so that learners appreciate the importance of science in their life. -Re-envisioning the science curriculum in general education and developing it to keep pace with sustainability requirements in the Egyptian society, paying more attention to enrichment rather than pure achievement. -Experimenting with the rest of the units of the proposed curriculum to avoid any shortcomings before generalization. -Ensuring that science courses taught in teacher preparation programs at faculties of education include sustainability requirements of the Egyptian society in all aspects of daily life.
Conclusion
Curriculum is the cornerstone of positive and active participation in social, economic, political and cultural development. Thus, there is a need for chemistry curriculum to promote studentsí national affiliation and belonging. It should educate, train and enable students to engage actively in the development of their society. Therefore, the current study aimed to determine some requirements of sustainable development, which could be integrated into secondary stage chemistry curriculum in Egypt, and to describe how to integrate these requirements in the curriculum. To achieve these objectives, the study used the descriptive analytical method to gain access to the list of sustainable development requirements and applied the content analysis to analyze the content of chemistry textbooks. The study reached the proposed conception of the secondary stage chemistry curriculum, including sustainable development requirements.
